Study objectives: Data from The Canadian Study of Health and Aging are analysed for prevalence of urinary incontinence, and its association with dementia, ambulatory function, and institutionalization. Design and setting: Population based multi-centre survey with stratified random sampling all over Canada. Randomly selected persons aged 65 and over were interviewed. Those having cognitive impairment (n=1614), a randomly selected sample of those without (n=731) and an institutional sample (n=1255) underwent clinical assessment. Main results: Overall, 16.9% of the women and 8.0% of the men reported incontinence, the numbers for daily incontinence were 7.0% and 5.2% respectively. The prevalence increased by age, severity of dementia, and decreasing ambulatory function. It is calculated that 69% of elderly men and 73% of elderly women with any incontinence live in the community. 31% of the male and 32% of the female patients have some kind or severity of dementia, and 21% of the men and 27% of the women have decreased ambulatory function. One half of the persons with incontinence live in the community, with no cognitive or ambulatory impairment. Conclusion: Urinary incontinence is a prevalent condition among the elderly, and is associated with age, dementia, and ambulatory function. Although incontinence is highly prevalent among institutionalized persons, the majority of persons with incontinence live in the community.
INTRODUCTION
Urinary incontinence is a common, distressing, and costly health problem in the elderly. Many studies have investigated the prevalence of urinary incontinence, most of them only in the female population. Even in comparable settings and age groups, widely different results have been observed. The prevalence of any urinary incontinence among older adults (age 70+) living in the community is likely to be as high as 30%, while weekly or more frequent urine loss may be experienced by 5-10% (1) (2) (3) (4) (5) . In nursing homes and other long-term care institutions the prevalence ranges from 30% to 65% (6) (7) (8) . Different definitions of urinary incontinence and data collection methods may have contributed to the differences in prevalence (9) . Furthermore, population based studies may or may not include institutionalized persons, and the "threshold" for institutionalization varies from country to country.
Urinary incontinence in the elderly can be caused by or associated with a range of medical conditions. Post-menopausal hormonal changes and anatomical changes in the pelvic organs are important in women, prostatic disease contributes in men, and stroke, neurological and musculoskeletal conditions are of importance in both genders (10) (11) (12) . Cognitive function and mobility have attracted attention as predictors for urinary incontinence, with incontinence found to be associated with dementia, poor mobility, and poor physical health in general (7, (13) (14) (15) . Correspondingly, incontinence has been found to be a good predictor for institutionalization (16) (17) (18) (19) .
The interactions between urinary incontinence and dementia, ambulatory function, and institutionali-zation, however, are not fully understood. Most earlier studies have not investigated all factors, the studies have often been small with low statistical power, and thus it has not been possible to determine the relative influence of the factors. It must also be emphasized that correlational data cannot determine causal direction nor whether the influence is direct, indirect or spurious (7) .
The Canadian Study of Health and Aging (CSHA) is a Canada-wide population based multi-centre study, with stratified random sampling of subjects and institutions, and with a special focus on the epidemiology of Alzheimer's disease and other dementias. It also surveyed disabilities, general well-being, and common health problems such as urinary incontinence. The study had both a community based and an institution based arm. In the present investigation we analysed data from the CSHA to determine the prevalence of incontinence in the elderly, with emphasis on the association with dementia, ambulatory function, and institutionalization, in both men and women.
MATERIAL AND METHODS
The study methods of the CSHA have been published in detail elsewhere (20) . Below, only the methodology and subject selection directly relevant to the present article are outlined. Data collection began in February 1991 and was completed by March 1992.
Subjects and institutions
In the community, randomly selected persons aged 65 and over were interviewed (n=8949). The samples were obtained from provincial health insurance plans or similar sources. The randomization was stratified by gender and age groups (65-74, 75-84, and 85 years and over) with oversampling in the older groups. The questionnaire included demographic information, current health problems, social support, and a screening test for dementia. Those screening positive for cognitive impairment (n=1614) and, in addition, a randomly selected sample of those screening negative (n=731) were asked to undergo clinical assessment.
The institutional sample (n=1255) comprised subjects in nursing homes, chronic care facilities, and collective dwellings such as convents. This sample was stratified by institution size, and individuals in the selected institutions were then chosen randomly.
The clinical examination took 4 to 5 hours and was held in a hospital or clinic. A study nurse administered several questionnaires and tests. Second, a psychometrician administered a neuropsychological test battery (later reviewed by a neuropsychologist), and third, a physician reviewed the information collected, and performed a mental status assessment as well as a physical and neurological examination.
Urinary incontinence
Urinary incontinence data was gathered from two sources: a clinical examination and a caregiver questionnaire. If the subject was incapable of answering, the questions were directed to the subject's caregiver, who was defined as the person being the most responsible for the day-to-day provision of care of the subject; paid professionals, family members or friends were included. The questions to the subject were: "Do you have any difficulty with incontinence of urine?" If "Yes", "Is it daily, less than daily but more than once a month, or less than once a month?" The caregiver was asked to choose the frequency of incontinence from a cue card ("never", "rarely", "sometimes", "frequently" or "all of the time").
Based on a combination of the available data on urinary incontinence each subject was classified as 1) continent, 2) having daily incontinence, 3) having less than daily incontinence, or 4) unknown. Subjects with an indwelling catheter were classified as having daily incontinence. Those who were incontinent less than once a month (data from the clinical examination), were considered continent for the statistical analyses.
Cognition
Cognition was assessed using a four part clinical examination, including the use of the modified MiniMental State Examination, a battery of neuropsychological tests, and a thorough assessment by a physician. Details are published elsewhere (20) . Hematological and biochemical tests were done where appropriate. Case conferences were held to arrive at a consensus diagnosis in one of the following categories: 1) no cognitive loss, 2) cognitive impairment but no dementia (CIND), 3) Alzheimer's disease, 4) vascular dementia or other specific dementia or 5) unclassified. The diagnostic criteria followed the DSM-III-R and National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer's Disease and Related Disorders Association's criteria for dementia (21, 22) . The severity of dementia was rated as 1) mild, 2) moderate, or 3) severe.
Ambulatory function
The subject's need for assistance and his/her indoor ambulatory function was assessed by the question "Can you/(name of subject) walk 1) without help (except for cane)" or 2) "with some help (from a person or with the use of a walker, crutches etc.)", or 3) "are you/is he/she completely unable to walk?"
Statistical analysis
The prevalence of urinary incontinence was estimated by gender, age groups, cognitive and ambulatory function, and by institutionalization, using weights based on the 1991 Canadian Census Enumerations. Logistic regression was used in order to determine the relative risk (approximated by the adjusted odds ratio) of incontinence depending on the variables listed above. 95% confidence limits were calculated from the logistic regression model.
Ethics and consent
Ethical approval for the CSHA was obtained from the ethics review board in each of the 18 study centres. In all parts of the study the subjects gave their written consent. For incompetent persons proxy consent was obtained from the most responsible family member or from the person legally responsible for the subject.
RESULTS
The results are based on available data from 1876 women ( Table 1 ) and 1038 men ( Table 2 ). The tables show the prevalence of daily and less than daily urinary incontinence by age group, residence, severity of dementia, and ambulatory function. Overall, 16.9% of the women and 8.0% of the men reported any incontinence, the numbers for daily incontinence were 7.0% and 5.2% respectively. For both men and women the prevalence increased by age, severity of dementia, and decreasing ambulatory function (bivariate analyses). Female patients in institutions had nine times and male patients ten times higher prevalences of daily urinary incontinence compared to the community living elderly. The logistic regression analysis showed somewhat different results in men and women. In women, we found a slight effect of age, a clear effect of increasing severity of dementia, and of decreasing ambulatory function (Table 1 ). In men, we found a clear effect of dementia and decreased ambulatory function (Table 2) . Table 3 shows the distributions of men and women with regard to age group, residence, dementia, and ambulatory function. It can thus be calculated that 69% of men and 73% of women with any incontinence live in the community. 31% of the male and 32% of the female patients have some kind or severity of dementia (CIND excluded), and 21% of the men and 27% of the women have decreased mobility. 50% and 48% of men and women with any urinary incontinence, respectively, live in the community, with no cognitive or ambulatory impairment.
DISCUSSION
This study shows prevalences of urinary incontinence among elderly men and women about the median level Table 1 . Prevalence of urinary incontinence in Canadian women 65 years and over, by age group, dementia severity, residence, and ambulatory function. n= the number of women in each analysis. Adjusted odds ratios (OR) with 95% confidence intervals (CI) were calculated by logistic regression analysis (n=1477). Weighted data (see methods for description). CIND= Cognitive impairment but no dementia.
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Daily of studies of the general population (1-5). We also confirm the association between incontinence and impaired cognition and ambulatory function. When other factors are controlled for, institutionalization in itself does not seem to be a major factor associated with incontinence. We have also been able to calculate the distribution of incontinent persons in the community, and some of the comorbidity, factors that are seldom investigated. The CSHA succeeded in administering a complex protocol to a large national sample of elderly Canadians. The response rates compare favourably with those in other surveys, and the random sampling of both subjects and institutions across the country is a major strength of the study (20) . The study also covers both community dwelling and institutionalized persons, thus limiting the problems of regional differences in admittance policies. As the study included several relevant explanatory variables, we were able to take a multivariate approach determining their combined contribution to urinary incontinence, rather than bivariate associations already described in the literature. A comprehensive discussion of the representativeness of the subjects is found elsewhere (20) .
The validity of the data concerning dementia, ambulation and institutionalization is strong. Some limitations, however, may be present in the incontinence data. The primary objective of the CSHA was not to study incontinence, thus it did not include a comprehensive assessment of incontinence symptoms, severity, or diagnostic subgroups. We combined data from more than one source (physician and caregiver) in order to improve the reliability of the prevalence data. The data should be at least as valid as population survey data, which is the most commonly published.
Most studies done in both genders have revealed that women over 60 have a prevalence of urinary incontinence at least twice as high as that of men (2) . This difference is supported by our findings. A logistic regression model including both sexes (results not shown) did not suggest that this difference could be explained by the variables considered in our study. Thus other factors must explain the sex difference. From a clinical point of view, female and male incontinence are often considered to be totally different conditions because the causes and mechanisms differ.
Like dementia, urinary incontinence is assumed to be an important factor and predictor for institutionalization in the elderly (19, 25) . In our bivariate analyses the prevalences of incontinence in institutions were ninefold and tenfold higher in women and men respectively when compared with community dwelling persons. However, the multivariate analysis revealed a statistically non-significant difference for both women and men, showing that when other factors are controlled for, there is no evidence for higher prevalence of female incontinence in institutions compared to the community.
Ambulatory function, measured in different ways, has been shown to be strongly associated with urinary incontinence, especially in institutions (7, 13, 26) . Our data support this association, as we found a "dosedependent" relationship to prevalence or odds ratio for urinary incontinence in men and women. We do not know much about the mechanisms for this association, but the finding may raise the question of incontinence as a partially "iatrogenic" condition, if inability to provide mobility assistance is present in institutions (13) . The finding also emphasizes the importance of walking assistance as part of incontinence management programs in institutions.
Dementia has been consistently found to be associated with urinary incontinence (7, 27, 28) , but the relative importance of this factor has not been established. One study found that independence in walking ability was the best predictor of incontinence in an institution, followed by cognitive ability (13) . Our community based data indicate that severity of dementia and impaired ambulatory function are the factors most strongly associated with incontinence.
In conclusion, we have been able to assess the prevalence of urinary incontinence and analyse the association with important residence and morbidity factors. In addition, we have shown where the incontinent population of elderly is to be found in the community, and the major comorbidity that exists. Such knowledge is of great importance both in a clinical and a public health perspective.
